Objective: To determine whether relationships between physical activity and physical activity injuries are modified by BMI status in youth. Method: Data were obtained from the 2006 Canadian Health Behaviour in SchoolAged Children survey; a representative study of 7,714 grade 6-10 youth. A sub-sample of 1,814 were re-administered the survey in 2007. Analyses considered relationships among the major variables in theory-driven crosssectional and longitudinal analyses. Result: Among normal weight youth, cross-sectional analyses indicated that those who reported high levels of physical activity outside of school experienced 2.28 (95% confidence interval 1.95-2.68) the relative odds for physical activity injury in comparison to those with low levels of physical activity outside of school. Analogous odds ratios for overweight and obese youth were 1.89 (1.31-2.72) and 3.72 (1.89-7.33), respectively. BMI status was not an effect modifier of the relationship between physical activity and physical activity injury. Similar observations were made in the confirmatory longitudinal analyses. Conclusion: Concerns surrounding the design of physical activity programmes include side-effects such as injury risk. This study provides some re-assurance that physical activity participation relates to injury in a consistent manner across BMI groups.
Introduction
Obesity is a leading public health problem among young people. The prevalence of overweight and obese youth has already reached epidemic proportions in most developed countries [1] , and the rapidly increasingly problem of childhood obesity in developing countries [2] suggests that the global burden of obesity will continue to escalate in the coming years. To reduce the prevalence of overweight and obese youth, efforts are underway to increase physical activity participation [3] . Recently published evidence-based physical activity guidelines for school-aged children and youth suggest a minimum of 60 min of moderate-to-vigorous intensity physical activity on a daily basis, with a focus on aerobic activities [4] . The evidence that informed these recommendations focused on the positive aspects of physical activity. However, physical activity is also a leading determinant of medically treated injuries in youth [5] . Studies that examine the negative effects of physical activity are warranted in order to inform physical activity recommendations that are optimal for both health and safety.
BMI status may play a modifying role in the relationship between physical activity and physical activity injuries such that overweight and obese youth may be subject to an increased injury risk for a given level of physical activity than normal weight youth. Because overweight and obese children are vulnerable populations who are encouraged to engage in high levels of physical activity to manage their excess BMI, it is vital to identify whether physical activity participation places them at increased risk for injury.
The objective of this study was to examine the potential modifying effects of BMI status on the relationship between physical activity and physical activity injuries. This was done using a large, nationally representative sample of youth aged 11-15 years. The study provides novel data that can be helpful for physical activity programme planning for obesity and injury prevention. Warsh/Pickett/Janssen
Material and Methods

Sample
The study involved a cross-sectional analysis of health data collected from Canadian children, with longitudinal confirmation of key relationships. The principle data source was the 2006 Canadian Health Behaviour in School-Aged Children (HBSC) survey [3] . This survey was conducted in collaboration with the World Health Organization and follows an international scientific protocol [6] . The HBSC employed a cluster design, with randomly selected classrooms reflecting provincial distributions of schools by size, location, language, and religion [6] . Youth attending special schools (private, special-need, home), incarcerated youth, and street youth were excluded; however, these youth represented less than 10% of the defined population in Canada [7] . Self-reported information on demographic and psychosocial factors, health behaviours, and health outcomes was collected from participants. Approximately 75% of students that were approached participated [6] .
The 2006 cross-sectional sample involved 9,672 youth in grades 6-10 (representing ages 11-15 years) from 188 schools. Most of the schools were public (82.4%) and situated in urban areas (61.8%). Students were excluded from the present analysis due to incomplete in formation on BMI (n = 1,735), physical activity (n = 128), and injuries (n = 68). Records from 7,741 (80%) of the students were analyzed. Those who were not included tended to be younger and a greater percentage were female (data not shown).
In addition to the national sample, 2,039 grade 9 and 10 students from 15 high schools in the province of Ontario were administered the HBSC on two occasions, in the spring of 2006 and 1 year later in 2007. Of these, 1,814 (89%) provided complete data for the BMI and physical activity variables at baseline (2006) and the injury items at follow-up (2007) and were available for the longitudinal analyses. The longitudinal analyses were primarily conducted to confirm the results of the cross-sectional analyses, which were conducted in a much larger and more representative sample.
Exposure -Physical Activity
Three HBSC items measured i) the number of hours of moderate-tovigorous intensity physical activity performed in school during class time, ii) the number of hours of moderate-to-vigorous physical activity performed in school during free time, and iii) the number of hours of moderate-to-vigorous physical activity performed outside of school. For the within school physical activity questions, there were 9 response categories that ranged from 'none' to '7 h or more per week' [8] . The two measures (in class and in free time) were summed to create an overall measure of in-school physical activity. For physical activity outside of school, there were 7 possible response categories that ranged from 'none' to '7 h or more per week' [8] . Both the in-school and outside of school physical activity scores were grouped into low (<3 h/week), moderate (3-6 h/week), and high ( ≥7 h/week) categories [8] . These categories corresponded with total daily moderate-to-vigorous physical activity levels of <30 min, 30-60 min, and ≥60 min [8] . Cut-points were chosen based on prior research [9, 10] . The self-reported physical activity questions used here provide reasonably valid estimates when compared with objective measures from accelerometer data, with kappa values of 0.6 [11, 12] .
Outcome -Physical Activity Injuries
An initial question that stated 'During the past 12 months, how many times were you injured and had to be treated by a doctor or nurse?' was used to identify reported injury events. Medically treated injury occurrences that result in a loss of normal activity has been recommended as a valid [13] and reliable proxy for defining injury in survey data, with kappa scores of 0.89-0.92 [14] . A series of follow-up questions requested information on the activity leading to the injury and the physical location where the injury occurred. Physical activity injuries were defined as those occurring due to 'biking/cycling', 'playing or training for sports/recreational activity', 'skating', or 'walking/running'. Each physical activity injury reported was also classified as occurring either on or off school grounds [8] .
Potential Effect Modifier -BMI Status
The BMI, calculated as self-reported values for weight in kg divided by height in m 2 (kg/m 2 ), is the most commonly used index of BMI status among youth [15] . The International Obesity Task Force age-and genderspecific BMI standards for youth were used to classify participants as being normal weight, overweight, or obese [16] . Growth curves have been created for use in calculating BMI status in youth where at age 18, the curves pass through the adult cut-points of 25 (overweight) and 30 (obese) kg/m 2 . Self-reported BMI is a reliable method of measurement despite slight underestimation, particularly among females [17, 18] . High correlations between self-reported and measured height, weight and BMI have been reported. Measured and self-reported values also relate to health outcomes in a similar manner [17, 18] .
Confounders
Variables considered a priori as potential confounders were gender, grade, socioeconomic status, and perceived health. Females are less physically active than males, and male youth become injured more than girls [19] . Furthermore, older youth are less physically active and more prone to injury [19] . Socioeconomic status was measured via the Family Affluence Scale (FAS). Responses to questions regarding vehicle and computer ownership, bedroom sharing, and holiday travel contribute to this scale [20] . The FAS is reliable in that student reports are in agreement with parental reports. It is also sensitive in distinguishing between varying levels of affluence measured using alternative methods [20] . Perceived health was considered to be important as youth are known to be less physically active if they are not healthy [21, 22] and individuals with health complications are more likely to become injured [23, 24] . Selfreported measures of health have been proven to be reliable indicators of general health status in large population health surveys [25] .
Statistical Analysis
Descriptive analyses were used to profile characteristics of the 2006 national cross-sectional sample. Next, a series of logistic regression analyses were conducted. Model development was based upon a priori identification of potential confounders from existing literature. A backwards stepwise selection procedure confirmed a parsimonious set of confounders for potential analyses in multiple logistic regression models [19] . A product term of physical activity × BMI status (normal weight, overweight, obese) was included to evaluate effect modification. The logistic regression modelling approach used in the cross-sectional sample was repeated in the longitudinal sample. All statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary NC, USA). Error estimates and 95% confidence intervals (95% CI) were adjusted in the models using the SURVEYLOGISTIC procedures to account for the clustering by school class. The SURVEYLOGISTIC procedure calculates variance estimates within each cluster and then pools the estimates together.
Results
Cross-Sectional Analyses
The nationally representative cross-sectional sample is described in having a medically treated physical activity injury in the past year, 1,723 were treated in a doctor's office or health clinic, 1,128 were treated in an emergency room, 356 required an overnight hospital admission, and 233 were treated by school health services.
Bivariate associations between physical activity injury and each of the potential confounders are presented in table 2. Outside of school, youth reported a higher relative odds for physical activity injury if they were in grades 9-10, male, had a moderate or high socioeconomic status, and had 'excellent' perceived health. Table 3 summarizes the relationships between physical activity and physical activity injuries experienced in and out of schools, stratified by BMI status in the cross-sectional sample. All of the analyses in table 3 were adjusted for grade, gender, the FAS, and perceived health. In normal weight youth, those who performed high levels of physical activity in their free time at school had 1.57 (95% CI 1.11-2.24) times the risk for physical activity injury in comparison with those who reported low levels. Normal weight youth who performed high levels of physical activity outside of school experienced 2.28 (95% CI 1.95-2.68) times the risk for physical activity injury outside of school in comparison to normal weight youth with low physical activity participation. Likewise, overweight youth who performed high levels of physical activity outside of school experienced 1.89 (95% CI 1.31-2.72) times the risk for physical activity injury outside of school in comparison to overweight youth with low physical OR (95% CI) = odds ratio (95% confidence interval). Table 2 . Bivariate associations between confounding variables and physical activity injury Warsh/Pickett/Janssen time at school (P = 0.97), free time at school (P = 0.88), and outside of school (P = 0.72) physical activity measures and injury outcomes. Table 4 presents the results of the confirmatory longitudinal regression analyses conducted in the subsample of 1,814 grade 9 and 10 youth from the province of Ontario. Due to the small sample size (n = 88) and large 95% CI, the results for the obese group should be interpreted with caution. The pattern of relationships in the longitudinal analyses were similar to activity participation. The corresponding odds ratio for the obese youth was 3.72 (95% CI 1.89-7.33). The 95% CI for the class time and free time at school physical activity injury risk estimates in the obese group are quite large, due to the smaller sample size of the obese group and the limited number of injuries occurring in the school environment, and the risk estimates within this BMI category should therefore be interpreted with caution. There were no significant interaction effects, indicating that the relationships between physical activity level and injury did not vary by BMI status. This was true for the class 0.94 (0.14-6.48) P trend < 0.001 P trend < 0.06 P trend < 0.98 OR (95% CI) = Odds ratio (95% confidence interval); --= no observations. *Multivariate OR were adjusted for grade, gender, FAS, and perceived health. physical activity should continue to be used as an integral part of weight reduction programmes within overweight and obese youth as it did not carry an added risk for injury, a key negative health outcome of physical activity. Strengths of this study include the fact that it was based on a large sample of Canadian youth, the validated survey procedures, the multilevel modelling used for analysis, and the confirmation of the cross-sectional findings in the longitudinal component of the analyses. Limitations of this study also warrant comment. These include bias introduced by the use of self-reported information. Physical activity levels are likely to be overestimated by participating students, and questionnaire measures of physical activity are poorly related to objective measures [6] . This misclassification would likely be independent of the characteristics of physical activity injury and have biased effect estimates towards the null. Finally, because of the limited sample size of the obese group, particularly for the longitudinal analyses, we were likely underpowered to detect statistically significant relationships in this BMI category.
Longitudinal Analyses
In summary, current public health and clinical guidelines encourage overweight and obese children to engage in high levels of physical activity to manage their excess BMI [4] . The evidence that informed these guidelines focused on the positive aspects of physical activity. The negative effects of physical activity, such as injury risk, also need to be considered to ensure that physical activity guidelines are optimal for both health and safety. The results of this study suggest that relationships between physical activity level and injury did not vary across normal weight, overweight, and obese youth. These are encouraging findings that suggest that overweight and obese youth who engage in high levels of physical activity are not particularly vulnerable to the burden of injury. 
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those found in the cross-sectional analyses. Within the normal weight and overweight BMI categories, youth with moderate and high levels of physical activity outside of school were at greater risk for physical activity injuries in comparison to youth who were not physically active. BMI status did not modify the relationship between physical activity and physical activity injuries, both the within and outside of school settings.
Discussion
Findings from this study demonstrate that youth who engage in high levels of physical activity outside of school experience higher risks for physical activity injuries. However, relationships between physical activity level and injury did not vary across normal weight, overweight, and obese youth. This study provides re-assurance that physical activity participation relates to injury in a consistent manner across BMI groups.
Six published studies indicate that there are significant differences in overall injury risk [26, 27] , wrist fractures [28] , ankle injuries [29] , and musculoskeletal pain of the joints [30] across BMI groups in young people. In particular, overweight and obese children and youth tend to have higher injury risks than children and youth with a healthy BMI. These studies did not consider the moderating impact of BMI on the mechanism leading to the injury, such as physical activity participation, which was the main purpose of our study. Thus, our study makes a unique contribution to the literature by demonstrating the BMI status does not modify the relationships between physical activity participation (the leading cause of injuries) and injury risk in youth.
We did not find evidence of a modifying effect of BMI status on injury risk. This may be attributable to the fact that specific types and anatomical sites of injury were not available for examination. For example, it is possible that these effects could be observed for fractures and soft tissue injuries to the lower limbs, each of which could be biomechanically related to the forces associated with larger body weights. Our analyses were only able to study combined groups of fractures and other injuries, due to the lack of information on anatomical site. This would have biased any observed effects towards the null, and masked the existance of such findings.
The minimal differences in the size of effect estimates between physical activity and injury observed between BMI groups provides encouraging news for programme planners and physical activity educators. Physical activity is a recommended method of weight and BMI control in paediatric obesity treatment programmes [31, 32] and has demonstrated benefits in addition to weight maintenance/loss in youth including improved psychosocial health, bone growth, blood pressure, asthma symptoms, and muscular strength and endurance [9, 33, 34] . Being overweight did not exacerbate the risks for physical activity injury in our study. By extension and taken in context of the literature, our findings suggest that
